Abstract. The metabolism of exogenously infused porcine insulin and glucagon was assessed concurrently in normal fasted dogs under anaesthesia. Hepatic and renal extraction of glucagon were 25.6 \ m=+-\ 2.3 and 43.7 \ m=+-\ 3.9%, respectively, and its metabolic clearance 16.5 \ m=+-\ 0.8 ml/ kg/min. Hepatic and renal extraction accounted for 28.5 \ m=+-\ 4.2 and 28.7 \ m=+-\ 3.7% of total glucagon clearance, respectively. Insulin MCR was 18.3 \m=+-\1.5 ml/kg/min and its hepatic and renal extraction were 49.6 \ m=+-\3.4 and 41.7 \ m=+-\4.4% accounting for 51.9 \ m=+-\4.4 and 27.3 \ m=+-\3.9% of total insulin clearance, respectively. Neither total glucagon metabolic clearance nor its hepatic or renal components saturated even in the face of circulating glucagon levels extending into the pharmacologic range up to 14 ng/ml. In contrast however, with increasing arterial concentrations of insulin, saturability of metabolism was apparent as evidenced by significant reductions in MCR as well as hepatic and renal extraction. This demonstration of saturability of hepatic insulin metabolism occurred at levels encountered in the portal vein after meals and is compatible with the concept that the hepatic capacity for extraction of this hormone may be an important site of control of the proportion of secreted insulin reaching the periphery. The metabolic handling of each hormone was shown to be independent of the other. Despite similarities in the interaction of insulin and glucagon with the target cell, there are important differences in the mechanisms of metabolism of these peptides at the major degradative sites.
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A number of studies have established the impor¬ tance of the kidney in the metabolism of circulating immunoreactive glucagon (Emmanouel et al. 1978; Sherwin et al. 1976 ; Lefebvre et al. 1974 ), this organ contributing approximately 30% to the over¬ all metabolic clearance of the hormone (Emma¬ nouel et al. 1978) . It has been suggested that the liver is not an important site of glucagon metabol¬ ism (Feligetal. 1974; Fisher et al. 1976 ) but we and others have shown that the liver is responsible for 30% of its overall metabolic clearance (Jaspan et al. 1981a ; Buchanan et al. 1968 ).
The liver is acknowledged to be the major site of insulin metabolism, extracting 50% of insulin delivered to it on the first pass (Mortimore et al. 1959; Rubenstein et al. 1972; Kaden et al. 1973; Stoll et al. 1970 ). The kidney is also an important site of insulin extraction and renal arteriovenous differences of 30-40% have been reported (Rabkin & Colwell 1969; Zaharkoetal. 1966) .
Although the hepatic and renal metabolism of insulin and glucagon have been studied separately in a number of species the simultaneous handling of these hormones by both organs in a single animal has not been addressed. We therefore per¬ formed these studies to compare the relative im-portance of the two organs in the metabolism of insulin and glucagon as well as to highlight any differences in their in vivo handling.
Materials and Methods
Experiments were carried out in 13 healthy dogs using methods previously desribed (Polonsky et al. 1981 (Jaspan et al. 1981a) .
Physiological parameters were carefully monitored as described in detail (Jaspan et al. 1981a) 
Results
The hepatic and renal metabolism ofglucagon (Table 1 ) The overall hepatic extraction of glucagon was 25.6 ± 2.3%. The hepatic plasma flow was 20.3 ± 2.3 ml/kg/min and the hepatic clearance was 4.5 ± 0.6 ml/kg/min. The renal glucagon extraction was 43.7 ± 3.9%. Renal plasma flow was 10.3 ± 0.4 ml/kg/min and the renal organ clearance was 4.7 ± 0.5 ml/kg/min. This was significantly greater than the simultaneously measured clearance of inulin which was 3.2 ± 0.5 ml/kg/min (P < 0.01).
The Hepatic and renal metabolism of insulin (Table 1 ) The mean hepatic insulin extraction in all experi¬ mental periods was 49.6 ± 3.4% and its hepatic clearance was 9.2 ± 1 ml/kg/min. The renal extrac¬ tion of insulin was 41.7 ± 4.4% and the corres¬ ponding renal clearance was 5.0 ± 0.7 ml/kg/min. This was significantly greater than the simultane¬ ously measured rate of inulin clearance (P < 0.01).
The metabolic clearance rate of insulin was 18.3 ± 1.5 ml/kg/min. The hepatic contribution to MCR was 51.9 ± 4.4% and the renal contribution was 27.3 ± 3.9%.
The effect of increasing the arterial insulin level on its hepatic and renal extraction was studied as for glucagon (Fig. 3) . In contrast to glucagon, in the face of increasing arterial insulin concentra¬ tions there was a significant reduction in both hepatic and renal extraction. As anticipated, over the same concentration range there was also a reduction in total metabolic clearance rate of insulin (Fig. 2) .
To confirm these observations the hepatic extrac¬ tion in all periods in which insulin levels were below 100 pU/ml was compared to those in which arterial levels were greater than 100 pU/ml. At insulin levels < 100 pU/ml hepatic insulin extraction was 57.3 ± 2.3% and renal extraction 53.0 ± 3.3%. At insulin levels > 100 pU/ml hepatic extraction fell to 43.8 ± 2.2% (P < 0.001) and renal extraction fell to 29.6 ± 3.2% (P< 0.001).
Independence of insulin metabolism on glucagon level and glucagon metabolism on insulin level The influence of glucagon on insulin metabolism was investigated in 3 dogs by comparing hepatic Mondón et al. 1975) .
In the present studies, saturation of hepatic insulin extraction and insulin MCR occurred in the face of increasing serum insulin levels from basal to 300 pU/ml. Hepatic insulin extraction at arterial insulin levels above and below an arbitrarily chosen level of 100 pU/ml was then compared. It was found that hepatic insulin extraction at arterial levels < 100 pU/ml was 57.3 ± 2.3%, which was significantly greater (P < 0.001) than the value at levels >100pU/ml (43.8 ± 2.3%). Comparison of insulin MCR at levels > 100 vs < 100 pU/ml revealed a significant difference (20.2 ±1.7 vs 14.9 ± 11 ml/kg/min; P < 0.01). This data is com¬ parable to that of Sönksen et al. (1973) who in a study in man showed a progressive decline of insulin MCR from 34 to 11.4 ml/kg/min during insulin infusion which increased serum insulin levels from basal to 280 pU/ml. In view of the close interaction between insulin and glucagon in the regulation of hepatic glucose production and similarities in the interaction of these two hormones with the cell including cell surface binding, internalization and intracellular disposal, the possibility of interdependent regula-tion of their metabolism is of considerable impor¬ tance. It is therefore of interest that consistent with the in vitro finding of Terris & Steiner (1976) and contrary to those in vivo in the dog by Röjdmark et al. (1978) the present studies demonstrated a lack of effect of glucagon on insulin metabolism. Hepa¬ tic and renal glucagon extraction and glucagon MCR were likewise shown to be independent of insulin level.
In conclusion, these studies indicate that there are major differences in the mechanisms whereby insulin and glucagon are metabolized in vivo. Of particular significance is our demonstration that at liver and kidney, the two major sites of degrada¬ tion, insulin metabolism saturates at physiological serum levels. Glucagon metabolism, in contrast, is non-saturable at either hepatic or renal metabolic sites. In addition the lack of effect of insulin on glucagon metabolism and glucagon on insulin metabolism indicates that the cellular processing of the two hormones is independently regulated.
